Feline immunodeficiency virus (FIV) is recognized as an important cause of disease in cats, where it often produces clinical signs indicative of immunosuppression and secondary infection.6J0 Neurological disease is reported in only 1 to 5% of naturally occurring cases of FIV infection.8.10 Clinical signs suggestive of neurological involvement include changes in behavior (depression, aggression, social withdrawal), facial twitching, persistent lip licking, and stereotypic pacing. Signs observed less frequently include seizures, anisocoria, head tilt, circling, ataxia, and proprioceptive d e f e~t s .~.~.~ Disease may result directly from the primary neurotropic effect of the virus or less commonly from secondary opportunistic infections such as feline infectious peritonitis virus (FIPV), toxoplasmosis, or cryptococcosis. 8 Clinical signs tend to be of a behavioral rather than motor nature, because FIV causes damage to the cells of the cerebral cortex and subcortical areas.'.' The noncortical signs, such as head tilt, circling, and motor paralysis, tend to be seen later in the course of the disease3 and are often associated with secondary infections. 8 This report describes the clinical signs, histopathological changes, and diagnosis of a case of FIV-induced encephalitis in a domestic longhaired cat.
A four-year-old neutered male cat was referred for investigation of progressive neurological disease. The first clinical signs had been seen 3 months previously, when the cat was observed to have short interludes when it would. stand motionless and stare blankly ahead, apparently unaware of its environment. The episodes initially lasted for only a few Vet Pathol 3316, 1996 seconds but gradually became more prolonged and frequent. The cat developed hindlimb ataxia, became restless, licked its lips frequently, ceased grooming, and became polyphagic. On referral the cat was found to be thin and in very poor condition. It appeared disorientated, hyperaesthetic to touch, and "paddled" its forepaws continuously in a stereotypic manner. It was ataxic on its hindlegs and tended to fall to the left. Neurological examination confirmed that no menace reflex was present and that vision was impaired. Other cranial nerves appeared to be intact. Proprioceptive and tactile placing reflexes were poor in all limbs, the hindlimbs being most severely affected. Spinal reflexes were exaggerated in all four legs. The cat's disorder was assessed as a progressive, diffuse or multifocal neurological disease affecting the cortex, subcortex, and brainstem. Differential diagnoses considered at this time were infection with FIPV, FIV, feline leukemia virus (FeLV), or Toxoplasma; central nervous system (CNS) neoplasia; or metabolic encephalopathy such as hepatic encephalopathy. However, the latter was considered unlikely due to the localized nature of the left-sided imbalance.
Blood samples were taken for routine biochemical analysis, hematological examination and serology, including enzymelinked immunosorbent assay (ELISA) (Petcheck FIV; Idexx, Inc., Portland, ME) to detect the presence of antibodies to FIV. Under general anesthesia the cat was radiographed, and a cerebrospinal fluid (CSF) sample was collected. After euthanasia, a postmortem examination was performed. Sections of the brain were taken from the anterior cerebrum, the midcerebrum (at the level of the thalamus), the cerebellum, the medulla (at the level of the obex), and the cervical spinal cord. Heart, liver, kidney, and lung were sampled routinely. Tissues were fixed in 10% buffered formalin and processed for light microscopic examination by the paraffin method, i.e., embedded in paraplast, sectioned at 5pm, and stained with hematoxylin and eosin (HE). Numbers ofbizarre and multinucleate cells were counted in sections from the anterior and midcerebrum (subcortical white matter), the thalamic area, the medulla (at the level of the cerebellar peduncle), and the posterior medulla and cervical spinal cord. In each area five randomly selected fields were assessed using a x 10 objective and a x 10 eyepiece.
Several areas of the cerebrum were examined by transmission electron microscopy. They were selected from an area of cerebrum in which multinucleate cells were identified on histological examination. Sections were removed from the paraplast block, dewaxed for 24 hours in an alcohol series, post-fixed in osmium tetroxide, and embedded in Agar 100 epoxy resin (Agar Scientific, Stansted, UK). Initially, thin sections (1 pm) were prepared, stained with toluidine blue, and examined by light microscopy. Ultrathin sections were then stained with lead citrate and uranyl acetate and examined in a Philips 20 1 electron microscope.
Formalin-fixed, paraplast sections of the anterior cerebrum of the patient and a non-FIV-infected, specific-pathogen-free cat were examined for the presence of FIV-specific RNA, FIV-specific p24 nucleocapsid protein, and glial fibrillary acidic protein (GFAP). FIV-specific RNA was detected by in situ hybridization. This was camed out on 4-pm-thick sections, mounted on glass slides treated with 3-amino-propyltriethoxysilane, and baked for 1 hour at 65 C. After de-paraffinization with xylene and progressive dehydration in an alcohol series, sections were digested for 2 to 10 minutes with 40 pg/ml proteinase K at 37 C, rinsed with phosphatebuffered saline (PBS), treated with 0.2 M of HCl for 10 minutes, rinsed in PBS, fixed for 1 minute in 4% paraformaldehyde, rinsed in PBS, and dehydrated in an alcohol series. The probe was a 327-base pair fragment of the FIV gag gene generated by polymerase chain reaction (PCR) using 5'-CTA CTG CTG CTG CAG CTG AA-3' and 5'-GTT GCT TTA AGC TTT CAT CC-3' as forward and reverse primers, respectively (supplied by the Medical Research Council AIDSdirected program, primers ADP 863/864). The PCR fragment was labeled with Biotin-14-dATP (BioNick Labelling System, Life Technologies, Paisley, UK) and purified by the Wizard PCR Preps DNA Purification System (Promega, Southampton, UK). Hybridization and detection were carried out using the In Situ Hybridization and Detection System (Life Technologies) with modifications for detection of RNA targets as recommended by the manufacturer. After development of the signal, the sections were counterstained with eosin. Further sections were stained for the FIV-specific p24 nucleocapsid protein using antibody 4F2 (from P. Anderson, Idexx Inc., Portland, ME). Sections were dewaxed, rehydrated, and the endogenous peroxidase blocked with 50% methanol in PBS with 0.6% hydrogen peroxide for 30 minutes. After washing in PBS, the slides were incubated with Type XIV protease (Sigma Chemical Co., Poole, UK) at 10 mg/ml in PBS for 10 minutes at 37 C. The slides were again washed in PBS and then incubated in 10% normal rabbit serum (NRS) in PBS for 30 minutes. Anti-p24 and negative control antibodies (OX17 and CM277) were applied in PBS and 10% NRS and incubated at 4 C overnight. The antibodies were detected using biotinylated rabbit anti-mouse (Dako Laboratories, High Wycombe, UK) followed by streptavidin-biotin-horseradish peroxidase complexes (Dako Laboratories). Labeling was detected with diaminobenzidine (3 mg/ml) and hydrogen peroxide (0.06%) in 0.05 M Tris-HC1 (pH 7.6). The slides were counterstained with eosin, dehydrated, and mounted. A section of the cerebrum was stained for GFAP using a similar method incorporating rabbit polyclonal anti-GFAP antibody (Dako Laboratories) at a 1:250 dilution on dewaxed paraffin sections for 20 minutes. This was followed by a biotinylated swine anti-rabbit polyclonal antibody at 1 : 600 for 20 minutes, and the signal was developed using the same method as above. As a negative control, normal goat serum was used instead of the primary antibody on a parallel section. The sections were counterstained in Harris's hematoxylin.
On assessment at referral, results of serum biochemistry tests were normal, and results of tests for serum FeLV antigen and FIV antibody were negative. Antibody titers to coronavirus and Toxoplasma were found to be 1 : 320 and zero, respectively. Hematological examination indicated a mild lymphopenia (1.86 x lo9 cells/liter; normal, 1.5-7.0 x lo9 cells/liter). Radiographs of the chest, abdomen, and skull were normal. Analysis of CSF revealed a slight increase in mononuclear cells (5 nucleated cells/pl; normal, < 2 nucleated cells/pl) and a mild elevation in protein (38 mg/dl; normal, <32 mg/dl).
Because no specific diagnosis could be made, the cat was treated with corticosteroid (prednisolone, 1 mg/kg per 24 hours; Animalcare Ltd., York, UK) for its anti-inflammatory effects. Clinical signs continued to progress, and over the ensuing 10 days the cat became more disorientated, ataxic, developed a head tremor, and lost all vision. The compulsive limb movements became more exaggerated, and the cat became depressed. Euthanasia was performed with an overdose of barbiturate. The postmortem examination revealed no gross abnormalities. On histopathological examination, changes were identified throughout the brain. The anterior and midcerebrum, including the basal ganglia, the white matter, and the deep laminae of the grey matter, were affected, with the most severe effects in the thalamic area. Changes included perivascular cuffing by lymphocytes ( Fig. l) , gliosis, and areas of white matter vacuolation (Fig. 2) . Gitter cells were seen in some vacuoles. In one area of the anterior cerebrum, at the junction of the grey and white matter, prominent gemistocytes were evident (Fig. 3) . Affected areas were observed to have many bizarre cells with large hyperchromatic nuclei ( Fig. 4 ), some of which were multinucleated. The number of these cells varied between different areas of the CNS examined ( Table 1 ). The medulla exhibited milder changes, along with a focal mononuclear cell infiltration of the meninges. The cervical spinal cord had evidence of mild white matter vacuolation. Abnormalities were not detected in any of the other tissues examined.
Because the encephalitic changes were similar to those of human immunodeficiency virus type 1 (HIV-1)-induced encephalitis,' further investigations were undertaken to determine whether FIV was the cause. The ELISA performed to detect the presence of antibodies to FIV was repeated twice on the stored serum sample and again found to be negative. Retrovirus particles were not detected in the sample of the cerebrum examined by transmission electronmicroscopy.
In the sections of the anterior cerebrum stained by in situ hybridization, the staining was most intense in the white matter and gemistocytes of the deep laminae of the grey matter, whereas the remaining grey matter was spared ( Fig.  5 ). Immunostaining for p24 of FIV was most prominent in the gemistocytes and glial cells of the white matter ( Fig. 6 ).
Control sections ofbrain, taken from a non-FIV-infected cat, showed no evidence of staining by either of these methods. In the affected cat, prominent positive staining for GFAP of astrocytes was observed in the white matter of the cerebrum and in the gemistocytes of the deep laminae of the grey matter. This pattern of staining corresponded to the areas of glial and gemistocyte response observed in sections stained with HE.
This report describes a case of severe neurological disease associated with FIV infection. The diagnosis was confirmed by in situ hybridization and immunohistochemical staining of fixed brain tissue. These staining techniques showed the infection to be active (as determined by the presence of FIV mRNA) and to be associated with the areas of severe histopathological change.
The apparent lack of antibody to FIV is not unusual. Several studies have failed to detect antibody in some viruspositive individuals,6s8 and in one report over 20% of cats naturally infected with FIV were antibody negative.6 The HE. Bar = 100 pm. reason for this is unknown. It may be that some cats were tested early on in the infection, prior to the development of an antibody response. Alternatively, some may have been tested late in the disease, once antibody levels were falling with the general decline ofthe immune system.8 Other factors may also play a role, since some cats fail to produce a detectable antibody response to FIV at any time during infection. 6 In the present case, CSF analysis revealed a mild pleocytosis and a slightly elevated protein level; CSF analysis from other cases of FIV encephalitis have reported pleo~ytosis,~,~ which in chronic cases may be only mild or absent, with total protein levels that are usually normaL3 Although the CSF changes in the present case were consistent with those of FIV encephalitis, they were not diagnostic.
The severity of the clinical signs seen in this case were unusual. There was no evidence of secondary opportunistic infection within the CNS; thus, the changes were considered to be FIV-induced. Feline immunodeficiency virus has been shown to directly induce encephalitis in both experimentally i n d u~e d l .~.~.~ and natural infections. 1,2,3,7 However, although CNS lesions have been commonly observed, they are not always associated with clinical neurological signs, and the histopathological changes are not usually as severe or extensive as seen in this case.1J*3*7 mans, where the changes are most prominent in subcortical structures, notably in the central white matter, the deep grey matter structures, the brainstem, and the spinal cord. The changes include white matter pallor, multinucleate cell encephalitis, and vacuolar myelopathy. Perivascular mononuclear and multinuclear infiltrates may be present in the deep grey matter and in the white matter, where there may be an accompanying glial reaction. Neuronal loss is not characteristic, and spongy vacuolation of the white matter may be seen occa~ionally.~ In humans, multinucleate cells may be seen and are most prominent in the subcortical structures and occasionally within the c~r t e x .~
The most interesting feature of this case was the presence of bizarre giant cells, some of which were multinucleate. Similar cells are seen commonly in HIV-1 -induced dementia in human, where multinucleate cells tend to be found in patients with severe neurological disease. These cells are considered to be markers of productive HIV-1 brain infection9 and are believed to be derived from macrophages by direct, virus-induced f u~i o n .~ In this report, in situ hybridization and immunohistochemical studies indicated evidence of active FIV infection within the glial cells of the white matter. Previous in vitro FIV experiments have shown that the primary CNS targets for FIV infection are astrocytes and brain macrophages, and although infection of astrocytes leads to syncytial formation and cell death, infection of brain macrophages is relatively noncytopathic, with the persistently infected macrophages serving as a reservoir of infe~tion.~ Multinucleate giant cells have rarely been seen in FIV infection. To our knowledge, their presence has been reported in only one other cat, in which the number of these cells was low and the cat was coinfected with FeLV.' The general lack of multinucleate cells in FIV infection, when compared to HIV-1 infection, may be related to a number of factors, including genetic differences in host response, differences in the pathophysiology of FIV and HIV, or the stage of the disease. It is possible that because cats tend to be euthanatized before late stages of disease, the more severe histopathological changes do not have time to develop. Few cats are likely to be kept alive once dementia is evident, whereas in human patients the disease is allowed to progress. Hence, up to 60% of AIDS patients experience clinical dementia (characterized as a subcortical dementia with disturbances in behavior, cognition, and motor function), and approximately 80% have histopathological changes ofen~ephalitis.~ The cat in this case study was unusual because euthanasia was performed more than 2 months after dementia was first noted. The prolonged course of the disease may also account for the motor dysfunction, since this tends to be seen later in the course of FIV-and HIV-1 -induced d i~e a s e .~.~ This case report indicates that FIV infection should be considered a possible cause of neurological disease even in the absence of serum antibody. Although most cases of FIVinduced neurological disease will have only mild or subtle neurological deficits, occasional cases may have profound neurological dysfunction.
